Background: Hepatic hemangiomas are the most common benign liver tumors, and the management of giant hepatic hemangioma (GHH) is still in controversial. The aim of this metaanalysis was to compare the postoperative outcomes of enucleation versus anatomic resection for GHH. Methods: PubMed, Embase, Web of Science, and the Cochrane Library were searched from January 1988 to December 2015 to identify studies comparing the outcomes of enucleation versus anatomic resection for GHH. Finally, we performed this meta-analysis using the Review Manager 5.3 software, and the results were presented as risk ratio (RR) or mean difference (MD) with corresponding 95% confidence interval (CI). The major limitation is that all data were derived from nonrandomized studies, and we cannot exclude potential selection bias. Results: Nine studies involving 1,185 patients were included. The results showed that there was a lower incidence of complications (RR = 0.66, 95% CI 0.52 to 0.84, I 2 = 0%, p = 0.0007); no incidents of death occurred among the 9 included trials. Blood loss (MD = -419.07 mL, 95% CI -575.04 to -263.09, I 2 = 83%, p < 0.00001), duration of surgery (MD = -23.5 min, 95% CI -45.28 to -1.74, I 2 = 0%, p = 0.03), and length of hospital stay (MD = -1.59 days, 95% CI -3.06 to -0.13, I 2 = 0%, p = 0.03) were much lower in the enucleation group. Conclusions: GHH can be removed safely by either enucleation or anatomic resection. Enucleation can preserve more hepatic parenchyma and reduce postoperative complications, which is why it should be the preferred surgical procedure for suitable lesions.
Introduction
Hepatic hemangiomas are the most common benign liver tumors, with the prevalence in autopsy series ranging from 3 to 20% [1] . Most lesions are found in women (female:male ratio = 5: 1) and are detected between the third and fifth decades [2] . The etiology of hepatic hemangioma is unclear; because of some cases of hepatic hemangioma running in families, it may be congenitally determined [3] . Histologically, hepatic hemangiomas are considered congenital vascular malformations instead of neoplastic processes [4] .
Hepatic hemangiomas are usually discovered incidentally, and most of them are small (<1 cm in diameter), stable, and prone to expectant management when complications or symptoms are absent [5] . Giant hepatic hemangioma (GHH), which may cause a variety of symptoms or complications including abdominal pain, early satiety, nausea, vomiting, jaundice, fever, dyspnea, and spontaneous or traumatic rupture [6] , is usually defined as hepatic hemangioma with a diameter >4 cm [7] . What is more, Kasabach-Merritt syndrome, characterized by thrombocytopenia secondary to platelet sequestration and destruction within the hemangioma, may also occur [8] .
Management by supervision through imaging methods every 6 months or annually is considered sufficient to assess development over time [3] . Indications for surgery include severe complications, progressive symptoms, rapid growth in size, a high risk of rupture, and a suspicion of malignancy. Although there is no agreement on the optimal management for GHH, surgery remains the most effective therapeutic modality for treatment [4] .
Originally, resection of hemangiomas was performed by means of anatomic segmentectomy or lobectomy. In 1988, Alper et al. [9] first described enucleation, which is based on the macroscopic observation that hemangiomas are encapsulated by a dissection plane between the liver parenchyma and the hemangioma [10] . Most authors advocated enucleation because it is safer and quicker, with fewer overall complications and less blood loss [6, [11] [12] [13] , while others concluded that results were similar between enucleation and anatomic resection [14, 15] . Up to date, there has not been a corresponding meta-analysis to compare the 2 methods. Thus, we conducted this meta-analysis to summarize the existing evidence in order to compare the postoperative outcomes of enucleation versus resection for GHH.
Methods
This meta-analysis was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [16] . All stages of the literature search, data extraction, and quality assessment were independently conducted by 2 authors (Y. Liu and K. Wang) and validated by a third one (X. Wei). The study protocol was approved by the ethics committee of Zhejiang University School of Medicine and complied with the Declaration of Helsinki.
Literature Search
A systematic search of the literature using PubMed, Embase, Web of Science, and the Cochrane Library databases was carried out to identify studies using a combination of the search terms "hepatic or liver," "hemangioma," and "enucleation." All of the studies had been published from January 1988 to December 2015. In addition, the reference lists of relevant studies were searched manually.
Inclusion and Exclusion Criteria
The inclusion criteria were determined by 2 reviewers (Y. Liu and K. Wang), and the studies had to meet the following major criteria: (1) proven diagnosis of hepatic hemangioma in patients; (2) studies comparing outcomes of enucleation versus anatomic resection for patients with hepatic hemangioma; (3) provide at least 1 relevant outcome on complications, blood loss, surgical time, or hospital stay. Duplicate publications, publications not in English or Chinese, reviews, studies providing insufficient raw data, and descriptive studies without control subjects were excluded.
Data Extraction and Quality Assessment
The primary goal of this meta-analysis was to compare the outcomes of enucleation versus anatomic resection for GHH, so at least one of the following outcomes had to be included: complications, blood loss, surgical time, or hospital stay. In addition, basic data were extracted from each study as follows: first author, study design, sample size, and patient characteristics.
We used the validated Newcastle-Ottawa Quality Assessment Scale for cohort and case-control studies to perform quality assessment in each of the included studies. The scores ranged from 0 to 9, with 0 and 9 being regarded as lowest and highest quality, respectively [17] .
Statistical Analysis
Statistical analysis was performed using the Review Manager 5.3 software (The Cochrane Collaboration, Oxford, UK). Considering the clinical heterogeneity and the methodological variations between studies, the random effects model as described by DerSimonian and Laird [18] was used to control heterogeneity. For dichotomous outcomes, risk ratio (RR) and 95% confidence interval (CI) calculated by a Mantel-Haenszel model were used. For continuous outcomes, the mean difference (MD) was calculated; when essential data were unavailable, the median and range were used to estimate the mean and standard deviation (SD) following the method described by Hozo et al. [19] .
Statistical heterogeneity was assessed using the I [2] statistic [20] , with I 2 values of 25, 50, and 75% being defined as low, moderate, and high levels of heterogeneity, respectively. Heterogeneity was rechecked using the χ 2 -based Q statistic, for which a p value <0.05 indicated significant heterogeneity. If there was substantial heterogeneity, we conducted subgroup analysis to explore the potential sources. Sensitivity analysis was also performed by excluding the studies one by one to detect the stability of our results. In addition, potential publication bias was evaluated with the Begg and Egger tests.
Results

Selection and Characteristics of Studies
Studies assessing the efficacy and safety of enucleation compared with anatomic resection for the management of GHH were included. Figure 1 shows the flow diagram of the study we analyzed the data extracted from the 2 subgroups separately. There were in total 2 prospective observational clinical studies [13, 14] and 7 retrospective studies, including 1,185 patients: 619 in the enucleation group and 566 in the resection group. Three of the studies had been conducted in China, 2 in the USA, and the remaining 4 in Italy, Turkey, Taiwan, and India, respectively. The characteristics of each trial are shown in Table 1 . Five studies reported hemangioma number [13, 15, [21] [22] [23] ] and 8 studies reported hemangioma size between the 2 groups [6, 11-15, 21, 22] . In most cases, there were no statistical differences between the 2 groups. Details are shown in Table 2 .
Quality Assessment and Publication Bias
All of the 9 included studies were nonrandomized controlled trials, including 7 retrospective and 2 prospective observational clinical trials. The main characteristics and the quality assessment results of the 9 included studies are illustrated in Table 1 .
As shown in Figure 2 , the funnel plot based on postoperative complications was broadly symmetrical, indicating minimal publication bias; the Begg and Egger tests were also performed to provide further statistical evidence ( p = 0.348 and p = 0.882, respectively). Publication bias based on other outcomes was not assessed because of the limited number of included studies.
Postoperative Complications and Mortality
Postoperative complications were reported in all of the 9 studies [6, [11] [12] [13] [14] [15] [21] [22] [23] , but the data from 1 trial were unavailable [6] . There was no heterogeneity among the included studies (χ 2 = 6.29, df = 8, p = 0.62, I 2 = 0%). The pooled data showed that the enucleation group had a significantly lower incidence of postoperative complications when compared with the anatomic resection group (RR = 0.66, 95% CI 0.52 to 0.84, p = 0.0007; Fig. 3 ) . A particularly mentionable fact is that all of the 9 included trials reported that surgery-related mortality was 0 in both the enucleation and the anatomic resection group.
Blood Loss
Six trials reported this outcome measure [6, 11-13, 15, 22] , but data from only 4 studies were available for meta-analysis [6, 12, 13, 22] . Gedaly et al. [6] reported this outcome as mean and SD, while in the other 3 studies, median and range were used to estimate mean and SD [12, 13, 22] . Meta-analysis demonstrated that blood loss was significantly lower in the enucleation group (MD = -419.07 mL, 95% CI -575.04 to -263.09, p < 0.00001), with significant heterogeneity among studies ( I 2 = 83%, p = 0.0004; Fig. 4 ) .
Surgical Time
Seven studies were included [6, 12-15, 21, 22] , and the data extracted from 4 studies were estimated from median and range, thus we divided the data into 2 groups and performed subgroup analyses ( Fig. 5 ) . In the initial data group, heterogeneity among the studies was no remarkable ( I 2 = 0%, p = 0.47); surgical time was significantly shorter for patients receiving enucleation than for those receiving anatomic resection (MD = -23.51 min, 95% CI -45.28 to -1.74, p = 0.03). In the estimated data group, the pooled data showed similar results (MD = -72.93 min, 95% CI -93.21 to -52.64, p < 0.00001), but heterogeneity among studies was significant ( I 2 = 84%, p = 0.0003; Fig. 5 ). 
Hospital Stay
Five studies [6, 12, 13, 21, 22] were included. In the initial data group, there was no heterogeneity among the included studies (χ 2 = 0.15, df = 1, p = 0.70, I 2 = 0%). Hospital stay was 1.59 days shorter for patients receiving enucleation than for those receiving anatomic resection (MD = -1.59 days, 95% CI -3.06 to -0.13, p = 0.03). In the estimated data group, the pooled data showed similar results (MD = -4.02 days, 95% CI -5.82 to -2.22, p < 0.0001), with significant heterogeneity among studies ( I 2 = 97%, p < 0.00001; Fig. 6 ).
Discussion
The management of GHH varies from observation to a variety of nonsurgical and surgical interventions [24] . For most cases, management by supervision through imaging methods every 6 months or annually is considered sufficient [3] . However, GHH may also become symptomatic by pressure on the liver or adjacent organs, the most common symptoms being abdominal pain or distention [10] . Surgical treatment of the GHH, which includes enucleation, liver resection, and liver transplantation, is more radical than the other modalities and also allows histologic examination of the specimen [9] .
The indications for surgical treatment include severe symptoms, rapid growth in size, a suspicion of malignancy, and a high risk of rupture. In 1988, Alper et al. [9] first described enucleation, as there was a definite and easily separable cleavage plane; this procedure was mainly achieved by blunt dissection of the vessels entering or leaving the hepatic hemangioma, thus preserving more liver parenchyma. The choice of resection or enucleation of GHH is mainly dependent on the location, size and number of lesions, as well as preference and technical skill of the surgeon [11, 21] . Most authors advocated enucleation rather than anatomic liver resection, although 2 studies reported that results were similar between enucleation and anatomic resection: Giuliante et al. [14] pointed out that the risk of blood loss was related more to the large size of the hemangioma than to the type of surgery, while Zhang et al. [15] concluded that adjacency to major vascular structures was an independent predictive factor.
As far as we know, this is the first meta-analysis summarizing current evidence comparing the outcomes of enucleation versus those of anatomic resection for GHH. In this meta-analysis of 1,185 patients, pooled results demonstrated that the risk of complications was significantly lower in the enucleation group, with limited heterogeneity. A particularly mentionable fact is that all of the 9 included studies reported that there was no surgery-related death in either the enucleation or the anatomic resection group. At the same time, blood loss, hospital stay, and surgical time were significantly lower in the enucleation group. In summary, the following reasons may contribute to this result: (1) Enucleation is simpler than resection and can reduce operative blood loss, as there is a dissection plane between the liver parenchyma and the hemangioma [25] . (2) Enucleation carries a low risk of biliary leakage, perhaps because there is a clear border between the hemangioma and the normal liver parenchyma, and avoids unnecessary injury of bile ducts [13] . (3) Enucleation avoids unnecessary loss of healthy liver parenchyma [26] .
In general, comparisons between enucleation and liver resection demonstrate that enucleation is associated with lower morbidity and may become a preferable choice for surgeons. Indications for enucleation include: (1) the fibrous rim between the hemangioma and the surrounding liver parenchyma is easily recognizable; (2) the location of the hemangioma is very peripheral or right-sided; (3) intent to preserve more healthy liver parenchyma [14] . In the early 21st century, the progress of liver surgery is characterized by precision, minimal invasiveness, and effectiveness [27] . Enucleation meets the requirement of precise surgery, which can be adopted by more and more surgeons. A major limitation is that all data were derived from nonrandomized controlled trials, and we cannot exclude potential information bias, selection bias, and confounding bias. Only 1 study pointed out that patients treated with transhepatic arterial embolization followed by hepatic resection were excluded [13] , while essential information in other trials was absent. What is more, the Pringle maneuver was used selectively in some cases; that is also one of the most important reasons that we cannot perform randomized controlled trials. In some trials, median and range were used to estimate mean and SD following the method described by Hozo et al. [19] , although we performed subgroup analysis to explore potential heterogeneity.
In conclusion, GHH can be removed safely by either enucleation or anatomic resection. Enucleation can preserve more normal hepatic parenchyma and reduce postoperative complications, which is why it should be the preferred surgical procedure for suitable lesions.
